Introduction
============

Although maternal and newborn mortality has been substantially reduced worldwide in recent years, progress has been uneven. In sub-Saharan Africa, few countries are on track to meet Millennium Development Goals (MDGs) 4 and 5 on child mortality and maternal heath, respectively.[@R1]^,^[@R2] Weak health systems have failed to achieve effective coverage of key interventions -- they have been unable to reach mothers and newborns with interventions that were implemented as intended, with a potential impact on mortality.[@R3] A bottleneck has been defined as "that component of a system that limits the overall performance or capacity of the system."[@R4] Consequently, unless bottlenecks are targeted, efforts to strengthen health systems will have little effect.[@R4] Since identifying bottlenecks in health service delivery can help in setting priorities, it is an important area of research in maternal and newborn health and in attempts to strengthen district health systems.[@R1]^,^[@R5]Bottlenecks in implementation can be due to limited access, for geographical, financial or sociocultural reasons. Poor readiness of health-care facilities due to, for example, a lack of human resources, drugs or equipment and suboptimal clinical practice, such as failure to adhere to evidence-based clinical guidelines can also cause bottlenecks.[@R4]^,^[@R6]^--^[@R9]

Previously, monitoring improvements in maternal health focused primarily on the service use: for example, the proportion of mothers attending antenatal care or giving birth in a health facility. Although these are important indicators, they do not reflect the content or quality of the care provided or the extent to which key interventions are implemented as intended.[@R2] Currently, this measurement gap is one element in the discussions on universal health coverage that are taking place as part of the post-MDG agenda, in which the importance of quality-of-care indicators for assessing population coverage is emphasized.[@R10]^,^[@R11]

In 1978, Tanahashi described a way of both measuring health service coverage and identifying bottlenecks in implementation.[@R12] Since then, his approach has been used and modified by the United Nations Children's Fund and the World Bank.[@R13] Although the coverage measures in Tanahashi's model both reflect quality of care and reveal implementation bottlenecks, there are limitations. First, the model focuses initially on health service capacity rather than output. Second, the assessments require high-quality data from health management information systems, which are rarely available in low-income settings, particularly for intrapartum interventions and subnational analyses.[@R14]^--^[@R16] These limitations could be overcome by linking household and health facility data,[@R14] as has been done previously for malaria care.[@R17]^,^[@R18]

Our objectives were to estimate the effective coverage of key maternal and newborn health interventions in rural parts of the United Republic of Tanzania and to identify bottlenecks in implementation.

Methods
=======

We used data from an observational, cross-sectional study that was performed in Tandahimba and Newala districts in south-eastern United Republic of Tanzania.[@R19] Each district has a population of approximately 200 000 people and is characterized by high maternal and newborn mortality: in 2004--2007, the estimated maternal mortality ratio was 712 per 100 000 live births[@R20] and the estimated neonatal mortality rate was 31 per 1000 live births.[@R21] Data were collected as part of the EQUIP (Expanded Quality Management Using Information Power) project, which was a collaborative, quality improvement intervention for maternal and newborn care implemented in health facilities and communities in Tandahimba between November 2011 and April 2014.[@R19]^,^[@R22] Continuous household surveys and repeated health facility censuses were conducted to provide feedback on, and monitor the effects of, the EQUIP intervention.[@R19] These surveys and censuses were also carried out in Newala, an adjacent district where the intervention was not implemented. Our study involved EQUIP household data collected between November 2011 and December 2012 and health facility data from a census conducted between April and July 2012. Data were collected before full implementation of the EQUIP project and, therefore, before quality improvements due to the intervention would have been expected.

The household survey involved continuous cluster sampling. Each month, 10 household clusters (i.e. subvillages) were selected, with the probability of selection being proportional to the population size in the district. Within each cluster, 30 households were selected by simple random sampling. Interviews were held with the head of the household and with all resident women aged 13 to 49 years and a special interview module was used for women who had recently had a live birth. Questions on care-seeking, treatment and outcomes during pregnancy and childbirth were included.[@R19] We included only women who had had a live birth in the 12 months before the survey.

The health facility census, which was repeated every four months, used a checklist to assess readiness. In addition, interviews were conducted with the head of each facility on the services offered and the routine care provided. To obtain information on clinical practice during intrapartum care, the health worker who attended the most recent delivery in the facility was identified and interviewed using a last event module. Questions focused on the actions taken before, during and after the most recent delivery attended and the care provided to the mother. Since health workers were not prompted during the interviews, only actions they remembered or mentioned were recorded.[@R19]

The study received ethical approval from the Ifakara Health Institute Institutional Review Board in Dar es Salaam (IHI/IRB/ No: 30--2012) and the National Institute for Medical Research of the United Republic of Tanzania (NIMR/HQ/R.8a/Vol. IX/1704). Written consent was obtained from all participants in the household and health facility interviews. Throughout the EQUIP project, results were shared regularly with community members, health workers and district management.

We investigated five key maternal and newborn health interventions: (i) syphilis screening; (ii) pre-eclampsia screening; (iii) use of a partograph to monitor labour; (iv) active management of the third stage of labour; and (v) postpartum care in a health facility. These interventions have all been shown to be associated with a decline in mortality when implemented as intended and the World Health Organization regards them as key interventions that should be delivered through health facilities.[@R23]

Coverage and bottlenecks
------------------------

We adapted Tanahashi's original model[@R12] to estimate the actual coverage of an intervention at the different conditional stages of its implementation and, subsequently, to identify bottlenecks between these stages. We call this model the implementation pathway ([Fig. 1](#F1){ref-type="fig"}). It includes three coverage stages: (i) accessibility coverage, which is the proportion of the target population for whom an intervention is accessible; (ii) availability coverage, which is the proportion for whom an intervention is available; and (iii) effective coverage, which is the proportion who receive an intervention of sufficient quality to affect the targeted health outcome ([Fig. 1](#F1){ref-type="fig"}). For each intervention, coverage was calculated by dividingthe number of individuals who satisfy the conditions for implementation at a particular stage by the target population.
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Each stage is conditional on the preceding stage. [Table 1](#T1){ref-type="table"} outlines how coverage measures for each intervention were estimated. Depending on the intervention, the target population was defined normatively as either all women who were pregnant or all women who gave birth during the study period.

###### Target populations and coverage measures for maternal and newborn health interventions in the United Republic of Tanzania

  Variable                                         Definition of target population or coverage measure for the intervention                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  ------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------
  **Target population^a^**                         All women during pregnancy                                                                                                                    All women during pregnancy                                                                                           All women during childbirth                                                                                                                                                      All women during childbirth                                                                                                                                                            All women after childbirth
  **Coverage measure in implementation pathway**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Accessibility coverage                           Proportion attending antenatal care at least once during pregnancy                                                                            Proportion attending antenatal care at least three times during pregnancy                                            Proportion giving birth in a health facility                                                                                                                                     Proportion giving birth in a health facility                                                                                                                                           Proportion giving birth in a health facility
  Availability coverage                            Proportion attending antenatal care in a health facility with a syphilis test available                                                       Proportion attending antenatal care in a health facility with a sphygmomano-meter available                          Proportion giving birth in a health facility with a partograph available                                                                                                         Proportion giving birth in a health facility with sterile syringes and needles and oxytocin or ergometrine available                                                                   Proportion giving birth in a health facility offering postpartum care with iron supplements available
  Effective coverage                               Proportion who satisfy the definition for availability coverage and who report having a blood test and receiving a test result for syphilis   Proportion who satisfy the definition for availability coverage and who report having their blood pressure checked   Proportion who satisfy the definition for availability coverage and who used a facility in which a health worker reported using a partograph during the last delivery attended   Proportion who satisfy the definition for availability coverage and who used a facility in which a health worker reported giving an oxytocic agent during the last delivery attended   Proportion who satisfy the definition for availability coverage and who report being checked within 48 hours of delivery

^a^ The target population is the denominator for all coverage measures. For each stage along the implementation pathway, the coverage measure is conditional on the preceding stage.

One difference between Tanahashi's original model and our implementation pathway is that the first stage is accessibility coverage rather than availability coverage ([Fig. 1](#F1){ref-type="fig"}). We reasoned that, if an intervention is actually to be available to its target population, that population first needs to have access to a health facility where it could be delivered. Consequently, the indicator used for accessibility coverage is the utilization of health services: in our study, this meant either attending antenatal care or giving birth at a health facility. Information on these two indicators was derived from the household survey. Acceptability coverage as defined in Tanahashi's original model was considered a determinant of accessibility rather than a separate stage of implementation.

In our implementation pathway, availability coverage was defined as the proportion of mothers who used a health facility that was able to deliver the intervention (i.e. sufficient human resources, drugs and equipment were available). We estimated availability coverage by multiplying indicators of utilization from the household survey by indicators of health facility readiness; both indicators were stratified by health facility level (i.e. hospital, health centre or dispensary). For example, the proportion of mothers who used dispensaries was multiplied by the proportion of dispensaries able to deliver the intervention. The stratified results were combined to derive the overall availability coverage for each intervention.

Effective coverage in our implementation pathway -- the final stage of implementation -- was defined as the proportion of mothers who used a health facility that was ready to deliver the intervention and who actually received the intervention. As for availability coverage, the analysis was stratified by health facility level. Indicators of antenatal and postpartum interventions were derived from interviews with mothers and indicators of intrapartum interventions were derived from health workers' reports.

Bottlenecks in implementation were identified from the absolute attrition in coverage between one stage and the next. Although bottlenecks could have many possible underlying determinants, we designated them as bottlenecks in access, health facility readiness or clinical practice ([Fig. 1](#F1){ref-type="fig"}).

The sample size for the EQUIP household survey was such that coverage of key maternal and newborn health interventions could be estimated with 80% power at the district level every four months. All statistical analyses were performed using Stata version 12 (StataCorp. LP, College Station, United States of America). Proportions and confidence intervals (CI) for indicators from the household survey were computed using the "svy" command to adjust for the effect of clustering. CIs were not computed for the coverage measures because, apart from accessibility coverage, all measures were derived from a combination of survey and census data. Throughout, missing values were treated as indicating that the intervention had not been implemented. Missing values accounted for 0 to 8% of data for all indicators apart from syphilis test availability, for which 19% of values were missing. No significant change in coverage measures was detected in sensitivity analyses.

Results
=======

Our analysis included data from household surveys on 772 women, from interviews with 70 health workers and from a health facility census of 60 facilities ([Table 2](#T2){ref-type="table"}). Health facility utilization is shown in [Table 3](#T3){ref-type="table"} and estimates of coverage indicators are presented in [Table 4](#T4){ref-type="table"} for individual care received, in [Table 5](#T5){ref-type="table"} for health facility readiness and in [Table 6](#T6){ref-type="table"} for clinical practice.

###### Household survey,^a^ November 2011 to December 2012, and health facility census and health worker interviews, April to July 2012, United Republic of Tanzania

  Entity or individuals assessed                                      No.           
  ------------------------------------------------------------------- ------ ------ ------
  Households interviewed in the survey                                3436   3494   6930
  Women of reproductive age (i.e. 13--49 years) interviewed           3196   2979   6175
  Women who had had a live birth in the 12 months before the survey   400    372    772
  Health facilities covered by the census                             32     28     60
  Health workers interviewed                                          39     31     70

^a^ The household survey was carried out as part of the EQUIP (Expanded Quality Management Using Information Power) project.

###### Health facility utilization^a^ for maternal and newborn health interventions, 2011--2012, United Republic of Tanzania

  Intervention                      Women with a live birth in the previous 12 months, No. (%)                                                                       
  --------------------------------- ------------------------------------------------------------ ---------- --------- ---------- -- ----------- ---------- --------- ----------
  Attended antenatal care           396 (100)                                                    59 (15)    52 (13)   285 (72)      372 (100)   56 (15)    48 (13)   268 (72)
  Gave birth in a health facility   240 (100)                                                    120 (50)   29 (12)   91 (38)       212 (100)   121 (57)   11 (5)    80 (38)

^a^ Information on utilization was derived from household survey interviews with mothers who had had a live birth in the previous 12 months.

###### Individual indicators of coverage of maternal and newborn health interventions, 2011--2012, United Republic of Tanzania

  Indicator of coverage of an intervention^a^             Women with a live birth in the previous 12 months                        
  ------------------------------------------------------- --------------------------------------------------- -------------- ----- ---------------
  Attended antenatal care ≥ 1 time                        396                                                 99 (98--100)   372   100 (99--100)
  Attended antenatal care ≥ 3 times                       312                                                 78 (75--82)    246   66 (61--71)
  Gave birth in a health facility                         240                                                 60 (55--65)    212   57 (51--63)
  Gave blood for any test during antenatal care           328                                                 82 (79--86)    350   94 (91--96)
  Received a syphilis test result during antenatal care   100                                                 25 (21--30)    97    26 (20--31)
  Had blood pressure checked during antenatal care        220                                                 55 (50--61)    223   60 (54--67)
  Were checked within 48 hours of delivery                84                                                  21 (17--25)    67    18 (13--23)

CI: confidence interval.

^a^ Indicators were derived from household survey interviews with mothers who had had a live birth in the previous 12 months.

###### Health facility readiness indicators for estimating coverage of maternal and newborn health interventions, 2011--2012, United Republic of Tanzania

  Indicator of readiness for an intervention^a^   Facilities ready to deliver the intervention, No. (%)                                                                   
  ----------------------------------------------- ------------------------------------------------------- --------- --------- --------- -- ---------- --------- --------- ----------
  Syphilis test in stock                          13 (41)                                                 1 (100)   1 (33)    11 (39)      20 (71)    1 (100)   2 (100)   17 (68)
  Sphygmomanometer in stock                       12 (38)                                                 1 (100)   2 (67)    9 (32)       17 (61)    1 (100)   2 (100)   14 (56)
  Blank partographs in stock                      13 (41)                                                 0 (0)     3 (100)   10 (36)      16 (57)    1 (100)   2 (100)   13 (52)
  Sterile needles in stock                        31 (97)                                                 1 (100)   3 (100)   27 (96)      28 (100)   1 (100)   2 (100)   25 (100)
  Oxytocin or ergometrine in stock                18 (56)                                                 1 (100)   3 (100)   14 (50)      23 (82)    1 (100)   2 (100)   20 (80)
  Any iron supplement in stock                    16 (50)                                                 0 (0)     1 (33)    15 (54)      21 (75)    0 (0)     2 (100)   19 (76)

^a^ Information on indicators was derived from a health facility census, which recorded commodities physically available on the day of the census.

###### Clinical practice indicators of coverage of maternal and newborn health interventions, 2011--2012, United Republic of Tanzania

  Indicator of coverage by an intervention^a^   Health workers who reported implementing the intervention, No. (%)                                                                 
  --------------------------------------------- -------------------------------------------------------------------- -------- --------- --------- -- --------- --------- --------- ---------
  Use of a partograph                           27 (69)                                                              2 (67)   3 (100)   22 (67)      25 (81)   1 (50)    2 (100)   22 (81)
  Any oxytocic agent administered               23 (59)                                                              2 (67)   2 (67)    19 (58)      26 (84)   2 (100)   2 (100)   22 (81)

^a^ Information on indicators was derived from interviews with health workers who reported on the actions taken during the last delivery attended.

Estimated effective coverage of syphilis screening in Tandahimba was 12% despite near universal accessibility coverage ([Fig. 2](#F2){ref-type="fig"}). The largest bottleneck was health facility readiness, which was associated with a 52% reduction in coverage. Clinical practice was another large bottleneck, with an attrition of 35%. In Newala, accessibility coverage was 100% and estimated effective coverage was 20%. Here, clinical practice was the largest bottleneck, causing an attrition of 57%. Estimated effective coverage of pre-eclampsia screening in Tandahimba was 22%, with health facility readiness being the largest bottleneck, causing an attrition of 42% ([Fig. 3](#F3){ref-type="fig"}). In Newala, effective coverage was 28%, with access being the largest bottleneck, causing an attrition of 34%.
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Estimated effective coverage of partograph use to monitor labour in Tandahimba was 13% ([Fig. 4](#F4){ref-type="fig"}). Health facility readiness was the largest bottleneck, causing an attrition of 45%, though access was another large bottleneck, with an attrition of 40%. In Newala, estimated effective coverage was 28%, with access being the largest bottleneck, causing an attrition of 43%. Estimated effective coverage of active management of the third stage of labour in Tandahimba was 32%, with access being the largest bottleneck, causing an attrition of 40% ([Fig. 5](#F5){ref-type="fig"}). In Newala, estimated effective coverage was 49%, again with access being the largest bottleneck, causing an attrition of 43%.
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![Coverage of and bottlenecks in active management of the third stage of labour, 2011--2012, United Republic of Tanzania](BLT.14.141879-F5){#F5}

Estimated effective coverage of postpartum care in a health facility in Tandahimba was only 3% ([Fig. 6](#F6){ref-type="fig"}). The largest bottleneck was health facility readiness, which was associated with an attrition of 45%. Access was another large bottleneck, with an attrition of 40%. In Newala, effective coverage was also low at 4%, with access being the largest bottleneck, causing an attrition of 43%. Another large bottleneck was health facility readiness, with an attrition of 38%.
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Effective coverage was similar in the two districts for all interventions: the difference was 15 percentage points or less, except for active management of the third stage of labour, where it was 17%. The largest implementation bottleneck was the same in the two districts for only one intervention: access to active management of the third stage of labour. However, within districts, the largest bottlenecks were similar across interventions. In Tandahimba, health facility readiness was the largest bottleneck for all interventions apart from active management of the third stage of labour, where access was the largest bottleneck. In Newala, access was the largest bottleneck for all interventions, apart from syphilis screening, where clinical practice was the largest bottleneck.

Discussion
==========

Effective coverage of key health interventions for mothers and newborns was low in both study districts: it ranged from 3% for postpartum care in a health facility in Tandahimba to 49% for active management of the third stage of labour in Newala. Apart from active management of the third stage of labour, effective coverage was 28% or less for all interventions in the two districts. In Tandahimba, health facility readiness was the largest bottleneck for most interventions, whereas, in Newala, it was access to a health facility. Clinical practice was a substantial bottleneck for syphilis screening in both districts.

Although antenatal care attendance was almost universal and despite a substantial increase in health facility deliveries from 41% in 2007[@R24] to around 60% in 2012 in our study, effective coverage of key interventions remained low, which is consistent with previous reports of health system weaknesses in the study area.[@R25] Moreover, our findings are consistent with evidence that a focus on access to care alone does not reduce maternal mortality.[@R26] More emphasis must be placed on the quality of health services: health facility readiness could be increased by introducing better policies on essential commodities and clinical practice could be enhanced, for example, by quality improvement interventions.[@R26]^,^[@R27]

Our findings highlight the complex interaction between the capacity of a health system and its outputs. For example, it has been shown that a lack of drugs and equipment can demotivate staff and undermine good clinical practice, even when drugs and equipment subsequently become available.[@R9]^,^[@R25] This might explain our observation that clinical practice was a bottleneck for syphilis screening even when mothers used health facilities with syphilis tests in stock.

Although the levels of effective coverage were similar in our two study districts, there was a difference in the pattern of bottlenecks, which points to variability in local health system functioning. It is important that the reasons for poor effective coverage are disentangled and targeted and that decision-makers have better access to high-quality data at the district level for use in planning and setting priorities.[@R5]^,^[@R13]^,^[@R25]^,^[@R28] Linking data from households and health facilities could produce meaningful estimates of coverage that could help tailor the implementation of interventions in specific contexts.

The study has some limitations. The interventions we analysed were all preventive measures, which made it possible to define the target population at the district level.[@R23] We were not able to include interventions such as Kangaroo mother care for premature or underweight newborns or management of postpartum haemorrhage because a large proportion of data on birth weight was missing and few cases of postpartum haemorrhage were recorded. Assessing the impact of effective coverage of an intervention using outcome measures such as deaths or adverse events averted for mothers was beyond the scope of this study.

Another limitation is that our coverage estimates used indicators that reflected only the minimum conditions required for judging completeness of implementation. For example, active management of the third stage of labour was judged to have been carried out if the health worker reported the administration of oxytocic agents; controlled cord traction and uterine massage were not considered.[@R29] Clearly the indicators chosen affect the coverage estimates. Indicators could be modified or updated as new evidence on the efficacy of an intervention becomes available. The validity of indicators is a generic concern for all surveys but is especially problematic when mothers themselves report indicators of care related to childbirth.[@R14]^,^[@R30] Consequently, we included health workers' reports of the actions taken during the most recent delivery they attended as indicators of clinical practice. These reports could have been subject to a social desirability bias that resulted in overreporting: health workers may have reported that an intervention was implemented to make a good impression. On the other hand, since the interview questions were open-ended and respondents were not prompted, it is possible that not all actions taken were reported, which would have given rise to underreporting. In addition, we did not link data from individual mothers with data from health facilities or health worker reports. Consequently, the reliability of our estimates of routine delivery care would be affected by the existence of large variations in health facility readiness or clinical practice between facilities at the same health facility level.

In our study, bottlenecks were identified from the absolute attrition in coverage between one stage and the next. However, relative attrition in coverage may be equally important. Also, the aim of our analysis was to estimate effective coverage at the district level. We could not make inferences about differences between different facility levels because we did not have a sufficiently large sample; for example, there were only two hospitals and five health centres in the two districts. Moreover, the differences in readiness between health facilities shown in [Table 5](#T5){ref-type="table"} suggest that bottlenecks may differ between facility levels. Identification of these differences could further aid priority-setting.

In conclusion, effective coverage of health interventions, whether preventive, curative or palliative, is an important output against which the capacity of any health system should be evaluated. Our approach to estimating effective coverage and identifying implementation bottlenecks provides a framework that could help operationalize measurements and track progress towards universal health coverage in all areas of health care.
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